weeks after a first stroke. Consenting subjects were randomly assigned on admission to one of two occupational therapy treatment groups. All subjects received similar medical and nursing care and physical therapy.
T he sensorimotor integrative treatment approach is being used increasingly by occupational therapists to treat cerebrovascular accident (eVA) patients. However, to our knowledge, no studies have compared the effectiveness of this approach with tra· ditional functional retraining in this population (Ot· tenbacher, 1982) .
Some of the neurophysiological principles used in sensorimotor integrative treatment are similar to those used in other neuromuscular reeducation tech· niques. At the time of this writing, five studies have compared the effectiveness of neuromuscular reedu· cation techniques and functional retraining with eVA patients. In a study of 62 eVA patients, Stern, McDowell, Miller, and Robinson (1970) found no significant difference at discharge in improvement of motility, leg strength, or functional status when one group received neuromuscular reeducation techniques and traditional physical therapy and another group received only traditional physical therapy. Quin (1971) reported no improvement in upper extremity dexterity and very small improvements in strength after a month of daily proprioceptive neuromuscular facilitation in four patients. Logigian, Samuels, Falconer, and Zagar (1983) found no significant difference in func· tion between a group of 21 patients who received neurofacilitation and a group of the same size who received traditional therapy. Lord and Hall (1986) found no statistically significant difference in func· tional skill levels (except feeding) 8 to 38 months after the eVA, between patients who had attended one of two different rehabilitation programs, one of which emphasized functional retraining and the Other, neuromuscular reeducation techniques. Bas· majian et al. (1987) reported no statistically significant differences in upper limb function between eVA patients who received behavioral physical therapy (biofeedback) and those who received Bobath therapeutic exercises (Bobath, 1978) .
The present study compared the effectiveness of the sensorimotor integrative approach with the func· tional approach to the treatment of eVA patients.
Method

Subjects
Subjects were 90 eVA patients admitted to Holy Fam· ily Hospital in Vancouver, Canada, between August 1985 and November 1986 . Criteria for inclusion in the study were as follows: the patient must (a) have been admitted to the hospital within 12 weeks after a first eVA, (b) have a weakness in the upper and lower extremities on one side of the body on admission (as demonstrated by a Brunnstrom synergy score of 1-5) (Brunnstfom, 1970) , (c) not have resided in an extended care setting before the stroke, (d) not be se· verely aphasic, and (e) have signed an informed consent form. Forty-six subjects had suffered a right CVA and 44 a left CVA; 41 were men, 49 were women. The mean age was 71.32 years (SD = 9.07). The average number of days between the insult and admission was 40 (SD = 42). On admission, 67 subjects demonstrated no aphasia, 9 were mildly aphasic, and 14 moderately aphasic. The t tests indicated no significant difference between subjects in the two treatment groups on any of the variables measured at admission.
A project coordinator randomly assigned subjects to one of two occupational therapy treatment groups (details of the two treatment approaches are described in the Appendix). Forty-seven of the subjects received functional treatment; 43, sensorimotor integrative treatment. Subjects were unaware of the group to which they had been assigned. Each subject received occupational therapy for 40 minutes a day, 5 days a week, for 8 weeks.
Therapists who had attended a workshop on sensorimotor integrative treatment techniques and had practiced using these techniques treated subjects assigned to the sensorimotor integration treatment group. Similarly, therapists who had attended a workshop on functional treatment and had used such treatment in the past treated subjects assigned to the functional treatment group. The project coordinator regularly observed therapists treating subjects to ensure that treatment reflected the written protocol for that treatment group. The coordinator also met regularly with therapists to reinforce the treatment principles they were using. An individual treatment program was designed for each subject and each subject usually received treatment from the same occupational therapist.
All subjects received similar assistance in morning and evening self-care. For example, subjects dressed their affected side first and transfers were performed to the unaffected side. After the self-care routine had been established by the occupational therapist, it was carried out by a nurse's aide. All subjects received similar medical and nursing care and physical therapy.
An independent evaluator, who was unaware of the group to which the subject had been assigned, recorded subject performance on various measures before the assigned treatment was initiated, after 4 weeks of treatment, and after 8 weeks of treatment (see Table 1 ).
Procedure
The three dependent variables were the Barthel Index (Mahoney & Barthel, 1965) , meal preparation, and eight subtests of the Sensorimotor Integration Test Battery Oongbloed, Collins, & Jones, 1986). The Barthel Index was chosen as a dependent variable because it measures performance in self-care (feeding, dressing, and toileting), and mobility (transfers, ambulation, and stair climbing), and a primary purpose of occupational therapy is to improve patient function in these areas. It has been found to be complete in terms of activities of daily living and sensitive to small but real changes in function (Gresham, Phillips, & Labi, 1980) . Barthel Index scores have been used, at the time of this writing, in seven studies of patient outcomes in rehabilitation settings (Granger, Dewis, Peters, Sherwood, & Barrett, 1979 ). An interrater reliability of .95 and a test-retest reliability of .89 have been demonstrated. The Barthel Index correlates highly with other functional scales and possesses good discriminant and predictive validity (Granger, Albrecht, & Hamilton, 1979) . Meal preparation was chosen as a second dependent variable because we considered the ability to prepare a simple meal an important indicator of functional ability. Since there are no standardized measures of meal preparation, we developed an assessment that consisted of standardized instructions. The evaluator ranked performance on a scale ranging from dependence (1) to independence (5). Assessment of the reliability of the meal preparation test was not possible because of limited resources. To obtain some idea of the interrater reliability of the test, however, four occupational therapists observed and independently rated the performance of four eVA patients in meal preparation. The raters scored all four patients identically.
Scores on eight subtests of the Sensorimotor Integration Test Battery Oongbloed et al., 1986) were also dependent variables. The Hooper Visual Organization Test (Hooper, 1958) , the Symbol Digit Modalities Test (Smith, 1973) possible confounding variables such as age, hemisphere of stroke, cognitive function, aphasia, Brunnstrom stage of recovery in affected extremities, and presence of other medical conditions were documented at admission (see Table 1 ). The measure of cognitive function used was the Mini Mental State examination, an II-item questionnaire with well-established reliability and validity (Folstein, Folstein, & McHugh, 1975) . The stage of recovery in the affected upper and lower extremity was measured with the Brunnstrom Index (Brunnstrom, 1970) .
Data Analysis
A double-blind, repeated measures design with random assignment to treatment groups randomly dis- Table 2 tributed variables known to influence patient outcome, which reduced the design to a 2 (Occupational Therapy Treatment) X 3 (Time Period) analysis of variance over time for the Barthel Index or a 2 (Occupational Therapy Treatment) X 2 (Time Period) analysis of variance with repeated measures over time for meal preparation and the sensorimotor integration tests. Parametric statistics were used because although dependent variables do not have interval scale properties, their rank ordering is meaningful (Harris, 1975) .
The second phase of data analysis examined whether one of the treatments was more effective in improving self-care and mobility in the following conditions (a) with subjects with poor self-care and mobility on admission (as measured by a Barthel score below 40), (b) with subjects haVing poor visual-spatial abilities on admission (as measured by scores below 21 on the Hooper Visual Organization Test and below 9 on the Symbol Digit Modalities Test), and (c) with subjects exhibiting poor motor planning on admission (as measured by a score below 20 on the Unilateral Imitation of Postures test).
Stepwise linear regression was performed to identify which variables accounted for the most variance in Barthel Index scores at 4 and 8 weeks.
Results
Analysis of variance showed a significant improvement between the mean 4-week and 8-week meal preparation scores, indicating that the meal preparation test was sensitive to change. 'n = 47. b n = 43. CA minimum of 15 points is considered clinically significant.
• p < .05. Treatment Approach factor yielded no significant data.
The Americanjournal a/Occupational Therapy at admission and at 4 weeks and 8 weeks for both treatment groups. Analysis of variance showed no statistically significant differences between the two treatment groups on any of the dependent variables. Subjects improved significantly (p < .05) over time on all outcome measures except Finger Identification (left), Finger Identification (extinction), and Manual Form Perception (left).
Analysis of variance also sought to determine whether subjects improved more rapidly with one treatment than with the other (i.e., the interactive effect of treatment and time). There was a significant interaction effect for two outcome measures only: Finger Identification (left) (p < .05) and Unilateral Imitation of Postures (p < .05) (see Table 2 ). Although performance on the Finger Identification test (left) improved slightly over time in the functional treatment group, it declined in the sensorimotor integration treatment group. Performance on the Unilateral Imitation of Postures test improved more rapidly in the functional than in the sensorimotor integration treatment group.
We also examined the influence of selected variables on the effectiveness of treatment as measured by the Barthel Index. Table 3 shows mean Barthel scores for both treatment groups at admission and at 4 and 8 weeks for subjects who, on admission, had low scores on the Barthel Index, the Hooper Visual Organization Test, the Symbol Digit Modalities Test, and the Unilateral Imitation of Postures test. To minimize the possibility that differences between the groups were not missed, independent ttests were performed between the treatments for each variable at each time period. No statistically significant differences (p < .05) were found.
Paired t tests (for each treatment group separately) compared the scores at admission with week 4 and compared scores at week 4 with week 8. The only finding of interest here was that for subjects with low admission scores on the Symbol Digit Modalities Test, those in the functional treatment group improved sig- nificantly between 4 and 8 weeks, whereas those in the sensorimotor integrative treatment group did not. A repeated measures analysis of variance on the data showed no significant main effect and a nearly significant (p < .06) interaction effect. Table 2 shows that su bjects who were in the sensorimotor integrative treatment group had higher Barthel scores at admission and at 4 weeks than did those in the functional treatment group. Thus, the near-significant interaction is due to the functional treatment group catching up to the sensorimotor integration group either because sensorimotor integrative treatment does not work as well or because the sensorimotor integration group started to experience a ceiling effect. Since the sensorimotor integration group's week 4 to week 8 difference was not significant, the latter explanation is more likely.
Discussion
Results show no statistically significant differences between the two treatment groups on the chief outcome variable, the Barthel Index. The differences (see Table 2 ) were also far from being clinically significant. A minimum of 15 points on the Barthel Index would be considered clinically significant. Results also indicate that there is no important difference between treatments in improving function as measured by the Barthel Index with particular subgroups of patients (i.e., those with poor Barthel scores on admission vs. those with poor visual-spatial abilities on admission or those with poor motor planning skills on admission).
Stepwise linear regression indicated that the variables of most importance in determining 4-and 8-week Barthel Index scores were the admission scores for the Barthel Index, the Symbol Digit Modalities Test, and the Brunnstrom stage of recovery (see Table  4 ). These scores were more powerful predictors of Barthel Index scores at 4 and 8 weeks than were the type of treatment received.
The subjects' significant improvement over time on almost all outcome measures indicates that the measures are sensitive to change. The reason for the lack of significant improvement in Finger Identification (left) and Manual Form Perception (left) in both of the treatment groups is unknown. Although the functional treatment group showed improvement after 8 weeks, the score increases were cancelled out by poorer performance on these two tests after 8 weeks by the sensorimotor treatment group. Both treatment groups performed more poorly on the Finger Identification (extinction) test after 8 weeks than they did at admission. The reason for this is also unknown.
Limitations of Study Design
For ethical reasons, we did not include a group of subjects who did not receive occupational therapy. This was a confounding factor, however, because it is well known that there is spontaneous recovery after a CVA. Therefore, we could not identify how much improvement was attributable to spontaneous recovery and how much was attributable to occupational therapy.
A second limitation was that all subjects received physical therapy based on the Bobath neurodevelopmental approach. Thus, subjects in the functional treatment group, though not exposed to neurodevelopmental techniques in occupational therapy, experienced these treatment techniques in physical therapy. However, since all subjects received similar physical therapy, it is unlikely that this would have affected the comparison of the two occu pational therapy treatment groups.
A third limitation was that all subjects received similar treatment in self-care. It would have been preferable to implement sensorimotor integrative and functional treatment concepts in self-care, thereby maximizing treatment differences. However, this was not possible in our setting.
Subjects discharged from Holy Family Hospital less than 8 weeks after admission could not be included in the analysis. This was another limitation, because higher functioning subjects were effectively eliminated from the study. Study findings can be generalized only to subjects in rehabilitation settings who meet the inclusion criteria outlined earlier in this study.
Subsequent to the formulation of the grant application for this research project in 1983-1984, there has been considerable development in relation to outcome measures in occupational therapy. It is now recognized that occupational performance should be measured in relation to the environment, motivation, and role requirements (Health and Welfare Canada and the Canadian Association of Occupational Therapists Task Force, 1987). We did not measure self-care and mobility or meal preparation in relation to the patient's environment, motivation, or role requirements, which is an additional limitation.
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Conclusion
There has been considerable debate regarding the comparative effectiveness of various treatment approaches with CVA patients. We were not able to identify any differences between the group that received sensorimotor integrative treatment and the group that received functional treatment. We therefore conclude that if there are any differences, they are small. On the basis of the findings of this study and given the limitations listed above, occupational therapists can consider using either approach in planning treatment for CVA patients. Ranka and Chapparo (1980) defined this approach, which combines sensorimotor theories, primarily those described by Bobath (1978) , Rood (cited in McCormack, 1985) , and Ayres (1974) . It is based on the belief that the brain functions holistically and that motor and sensory areas are interdependent. Therefore, stimulation of one system can influence another. This approach emphasizes treating the cause of the dysfunction rather than compensating for, or adapting to, the problem. The principles of treatment are (a) provide planned and controlled sensory input, (b) elicit an adaptive response, (c) enhance organization of brain mechanisms, (d) facilitate the developmental sequence, (e) consider the interdependence of sensory systems, (0 maintain a balance of sensorimotor integration, and (g) focus on sensory integration and its interaction with movement (Wilson, 1974) . 1. Patient Preparation. Initially, the therapist will prepare the patient to ensure that sensory input and feedback will be normal. Then purposeful activity is introduced to provide sensory stimulation, to reinforce sensation of normal tone and movement, and to make the input to the central nervous system most meaningful. Care must be taken not to overload the central nervous system to allow the input to be processed adequately. For example, a high-level perceptual task should be done in a lower developmental positiOn, Some of these treatments are discussed below, a) Normalize tone, Tone must be normal to allow normal movement patterns and normal sensory feedback. Some methods for altering tone are neutral warmth, slow rolling and slow stroking or vibration, joint compression, and rapid brushing. DynamiC slings or orthokinetic cuffs can also be applied, b) Facilitate symmetrical posture and normal postural responses, The therapist's aim is to reduce primitive reflex patterns and facilitate their reintegration into the central nervous system, The patient is placed in a reflex· inhibiting position at an appropriate level of developmental sequence. Approximation may be given to improve equal weight bearing and a trunk rotation activity can be used, 2, Treatment After Patient Preparation. Several treatment aspects can be introduced once the patient has been adequately prepared, Some of these approaches are discussed below. a) Provide sensory stimulation. The patient must be actively involved so that the stimulation is meaningful to the central nervous system, This facilitates registration and, ultimately, integration of the input, Movement will proVide sensory feedback, which also makes the input more meaningful and reinforces the integrative process between systems, Bilateral activities are used to enhance sensation of normal movement and interhemispheric integration. The vestibular system can be stimulated by haVing the patient pick up objects from the floor on one side and place them high on the opposite side. Information from one sense can ultimately provide information about another sense without direct stimulation, An activity involVing number or letter cards can be sensed through the visual system but coded through the auditory or language system. b) Make the activity meaningful. The activity should be graded to ensure achievement, enhance motivation, and therefore positively influence the limbic system. c) Use cues, Visual and auditory cues can help the patient cognitively organize motor planning, Motor planning is learned at a cortical level before it becomes subcortical and eventually becomes automatic. d) Facilitate the developmental sequence. Patients should be facilitated through the developmental sequence, The developmental position selected should not be so demanding that the patient cannot participate in a purposeful activity without encouraging the development of abnormal tone or posture, However, activities can be set up to allow the patient to begin mastery of a higher developmental position with provision of appropriate assistance. For example, a patient sitting on the eJge of a raised mat can pick up a qUOit, move into standing with the appropriate support, place the qUOit on a peg, and return to sitting on the mat (Wilson, 1974) .
